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Abstract: In 1999 an international benchmarking project, involving an annual 
delivery of an environmental ethics course was established between Auckland 
University of Technology (Auckland), RMIT University (Melbourne) and Wismar 
University of Technology, Business and Design (Germany). The impetus for this was 
twofold: firstly to address curriculum requirements under the Washington Accord, 
and secondly (and perhaps more importantly), to ensure that engineering graduates 
enter the workforce as advocates of good practice in the “4 Es”: Ethics (social, 
cultural and moral), Environment (ecological and conservational), Economic (fiscal) 
and Engineering (technical). If durability is a measure of success, the project has done 
well; indeed, in 2005 a Norwegian university joined the project, and earlier this year, 
a Brasilian university has applied to participate. However, there is growing evidence 
that despite widespread public awareness of global issues, global environmental 
degradation continues unabated. This paper provides an overview of a recent and very 
pessimistic proclamation by renowned British physicist Dr Stephen Hawking, who 
concluded that there is no future for humanity on this planet. Although Hawking’s 
views are not universal, (there are strong proponents of the opposite view), it is 
widely viewed that any solution to mitigate environmental collapse must involve a 
multidisciplinary approach, and that engineering would be pivotal amongst the 
disciplines involved. This paper explores the imperative of exposing undergraduates 
to the big questions in the “environment debate” in anticipation that they will, more 
effectively, be able to contribute to resolution of problems. 
 
Keywords: International benchmarking, environmental engineering, ethics education, 
teaching and learning. 
 
 
Introduction 
 
Currently, there is a plethora of information on global degradation, with printed and 
visual media providing a daily reinforcement of impending crisis. Our media ensure a 
high public awareness of impending doom, with growing alarm about climate change, 
water shortages, energy shortages, disease and pestilence; films such as Al Gore’s An 
Inconvenient Truth, which will be released by Paramount by the time this conference 
commences, uses spectacular imagery and commentary to amplify concerns. In the 
film, Gore states: 
   
What changed in the US with Hurricane Katrina was a 
feeling that we have entered a period of consequences... 
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i.e. predicating that humanity is about to reap the effects of its labours. Gore is 
paraphrasing Sir Winston Churchill, who in 1936, following the reoccupation of the 
Rhineland by the Third Reich, unsuccessfully urged Britain to support French military 
initiatives to respond:  
 
The era of procrastination, of half measures of soothing 
and baffling expedients, of delays, is coming to its close.  
 
Churchill was not successful. The consequences of procrastination at that time are 
now abundantly clear.   
 
Nonetheless, the Churchill-Gore message is clear. We are again entering a period of 
consequences. As in 1936, there is probably not much the average citizen can do 
about the impending crisis… indeed, there is probably not much most countries can 
do alone. What is needed now is a concerted global effort to address the issues. We 
should be aware too that accelerating environmental degradation is now well 
underway indeed, alia iacta est! Events like Hurricane Katrina remind us that 
consequences are now moving from being “likely”, to being immediate and/or certain. 
 
The inability to do anything, as individuals or even small states, has significantly 
reduced the optimism with which many young people see their future (The Age, July 
29
th
, 2006). The pending doom may well have been instrumental in galvanising 
renowned British physicist, Dr Stephen Hawking to conclude that any hope for 
humanity lay beyond this planet (Associated Press, June 14, 2006). Hawking believes 
that humans can have a permanent lunar base within 20 years and a colony on Mars 
within 40 years. Specifically, he stated that it was necessary for humans to have self-
sufficient space settlements in the near future as:  
 
Life on Earth is at the ever-increasing risk of being wiped 
out by a disaster such as sudden global warming, nuclear 
war, a genetically engineered virus… 
 
One may well conclude that humanity is now a lost cause, and that it is too late (or 
perhaps, impracticable), to do anything to arrest the problems. But there is not 
necessarily consensus about the nature of phenomena such as global warming and the 
processes that drive climate change. Some such as the University of London’s 
Professor Philip Stott, believe that the effects of, and proposed mitigations for global 
warming are political rather than scientific (Stott, 2005). It is unfortunate that Stott 
and his ilk use emotive language to counter mainstream science, e.g. the 
Greens…employ the threat of “global warming” to induce Protestant guilt in us 
all…, as this somewhat detracts from the validity of their argument, key elements of 
which are: 
 
1. Many developed nations will not adopt protocols such as Kyoto, simply 
because it is not fiscally prudent.  
 
2. Climate is a non-linear system, and what drives it is poorly understood. 
Therefore medium to long term trends are unknowable. Thus inter alia, any 
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cutting of carbon dioxide emissions will fail to result in predictable climate 
changes. 
 
There is nonetheless widespread agreement that some action should be taken to 
mitigate the effects of phenomena such as climate change. Agreement upon the 
timing and nature of any response however is elusive, although most options involve 
application of technology.  
 
Interestingly, Australia was not a signatory to the Kyoto Protocol, once widely tipped 
as being the most likely mechanism to mitigate accelerated climate change. 
However, one should not conclude from this that the Government denies the reality 
(and immediacy) of “global warming”. Rather, stated opposition is due to the 
exclusion of developing nations from the protocol; and further, it is believed that the 
protocol was more than likely to result in serious economic distortions without any 
commensurate environmental benefits
1
 (Prime Minister Howard’s address to the 
Committee for Economic Development of Australia, Sydney, July 18
th
, 2006). The 
Prime Minister illustrated this by stating that: 
 
…if (Australians) stopped emitting all carbon dioxide 
(immediately), it would take 10 months for the growth in 
China’s emissions alone … to cancel out the global 
reduction caused by Australia.               (J. Howard, ibid.) 
 
Whether or not we bother to act (through adoption of the protocol), is an ethical 
question, i.e. we must decide whether our response is derived from morality (in 
which value-based statements appeal to emotions) or policy (which is generally 
determined on an empirical basis, and as such is likely to be rather pragmatic).  
However, we should be mindful that in ethics (= application of morality in a 
professional context), there are no universal truths. Indeed, this underlies our 
inability to reach consensus on most moral issues. 
 
 
Implications of Environmental Change for Engineering Education: 
 
Demonstrating an understanding of the problem 
Any practical response to environmental conundrums will involve engineers. Our 
business, as engineering academics, is the provision of a formative teaching and 
learning environment for engineers. This, in the first instance, involves the 
inculcation of an ethos of good engineering design, which by necessity is underpinned 
by good mathematics. As commented by many (e.g. Buckeridge and Grünwald, 
2003), would-be engineers chose their discipline precisely because they perceive 
themselves as people whose intellectual strengths are in areas like mathematics and 
logic. Few engineers aspire to the arts literati.  
 
Increasingly however, much of what professional engineers do involves more than 
“left brained thinking”. This is particularly relevant if engineers are to actively pursue 
rôles in which they frame, rather than simply react, to problems. Furthermore, 
                                                
1
 There are many Australians who disagree with the decision to by-pass the Kyoto Protocol. Debate is 
often heated, but is nonetheless one in which engineers and scientists must take part. 
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although application of technology may well be the most expedient (and thus 
pragmatic) solution any particular problem, the ability of engineers to convince 
government (and the public) that their solutions are the most efficacious, will 
necessitate demonstration of  an understanding (and appropriate addressing) of any 
social, cultural and environmental effects likely to result from their proposals.  
 
The implication of this for educators, is that in addition to provision of a teaching and 
learning environment that produces graduates with a high level of technical and 
design competence, universities must also provide opportunities for students (and thus 
graduates), to assess the effects of their activities.  
 
The triple bottom line… is it enough? 
Engineers are well placed to utilise the economic-ethical-environmental assessment 
model for any proposed activity (i.e. “triple bottom line”). However, they must go 
further, by ensuring that problems are placed within a clearly defined engineering 
framework (i.e. design). The “4 Es” are thus ethics, environment, economics and 
engineering. Rather than each E being concentrically within another, the relationship 
between each is illustrated as segments of a pie. This non-hierarchical pie (i.e. the 
project) is not complete unless all parts are considered, indeed, without the “4 Es” 
there will be no lasting solution (Buckeridge, 2002).  
 
It is now certain that humanity faces its biggest challenge yet: to reconcile the 
aspirations of the many (i.e. the developing world), with those of the few (the 
developed world), in recognition that we have insufficient environmental capital to 
sustain a “Western Lifestyle” for six billion humans. Application of the “4 Es” is thus 
not a choice, but a necessity. 
 
 
Engineering Education: 
 
How are we best able to ensure that a student’s time at university is academically and 
professionally productive? The way this question is answered depends not only upon 
student and societal expectations (which may/may not be at variance to each other), 
but also upon cost. Both of these aspects are in a state of flux, and are likely to 
strongly influence the teaching and learning environments we provide. 
 
The student’s world-view 
At RMIT University’s School of Civil, Environmental and Chemical Engineering, 
professional ethics is traditionally taught as a final year block course (Buckeridge and 
Grünwald, 2003). However, this year a decision was made to introduce some basic 
professional engineering concepts to first year students. This provided an 
extraordinary insight into the world-view of 18 year-old Australians, for when asked 
to describe a “professional”, a significant proportion of the students actually named 
individuals that they considered to be professionals. These included cricketer Shane 
Warne and swimmer Ian Thorpe. Whilst nobody would dispute that both of these 
individuals are world leaders in their respective endeavours, their behaviour off the 
field/pool is not significant in how they are perceived by society as sportsmen (this is 
especially the case with the former individual). The definition of a professional then, 
by first year students, tended to be something like “one who gets paid for his/her 
services”. Not surprisingly, (and fortunately), the student’s understanding of the 
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concept of a professional changes greatly over the following three years – indeed, the 
earlier definition has never arisen in any senior class taught by us. This provides 
thought for the manner in which we frame questions: perhaps if we had asked: “define 
a profession” then, bar allusions to the so-called “oldest” profession, we would 
anticipate senior under-graduates to provide a definition along the following lines:  
 
A professional is an individual who possesses higher 
learning and competence within a specified discipline, 
and can, in the practice of that discipline, be expected to 
behave in an economically, environmentally and ethical 
manner. 
 
The university environment, with the support of the professions, is where the values, 
ideas and aspirations of the future are nurtured. A mandate exists, through agreements 
such as the Washington Accord, for universities to ensure undergraduates exit the 
programme with a clear understanding of what is required of them as professionals – 
from their peers, the profession and society.  
 
The graduate’s world view 
Current graduates have a choice – to simply proceed with the status quo, or through 
leadership, to change the modern order. The world is changing, perhaps faster than 
many (but not all) of us anticipate: 
 
Most of us over-estimated change in the next two years, 
but under-estimated it over a period of a decade.   
(Attributed to Bill Gates by J. Howard, ibid.) 
 
A requirement for engineering graduates to participate in the decision process at an 
early level is embodied in their need to be problem framers, rather than simply solvers 
– although as stated, an increasing percentage of today’s problems will be resolved 
through the application of technology. To be good problem framers, engineers must 
be systems thinkers. This approach is certainly not new, although the ability of 
universities to provide an appropriate systems-thinking learning environment certainly 
varies. Perhaps it may be useful here to contemplate the industry and waste 
management models that were the norm during the 19
th
 and 20
th
 centuries: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Industry 
products 
waste 
resources 
sorting 
By-
products oceans 
Industry & Waste Model 1: When the cost 
of resources exceeded that of sales (revenue), 
products ceased to be manufactured. There 
were subsystems that prolonged activities, 
but these were temporary. Some respite arose 
through recycling by-products, but this was 
not widely pursued, even in the 20
th
 century. 
Importantly, all products (and waste) were 
ultimately waste in transit to the sea, the 
latter being perceived as a limitless 
repository. Until the late 20
th
 century, there 
were no realistic costings for disposal. When 
these were factored in, they were partial. 
revenue 
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Model 1 (above, in a simplistic form) had appeal because profits were easily assessed, 
and quickly realised as dividends. This model, with few exceptions, was pervasive 
throughout the 19
th
 and most of the 20
th
 centuries. The flaw in Model 1 is the failure 
to factor the true cost of industrialising the West into the “environmental degradation” 
equation
2
. The corollary to this is that opportunities for developing economies to 
pursue parallel rampant industrial growth, (which has underpinned the living 
standards of the West), are absent or very elusive if these economies are required to 
meet stringent emission regulations. Nonetheless, if the change in mindset to 
implement Model 2 is not widely adopted, then not just humanity, but the biosphere is 
under immediate threat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Model 2 also includes an E-tax. Importantly this is extracted before realisation of any 
profits. The biosphere in this representation incorporates the resources that sustain 
industry. An alternative (and just as valid model), could have been drawn to show all 
activities and processes functioning not only within, but as part of the biosphere. 
Industry is not yet ready for this.  
 
Economies such as Australia’s face a conundrum. There is a wide-held view that we 
will need to meet emission standards sooner rather than later, but government is 
committed to a development strategy that necessitates the use of extensive fossil fuels 
(vide Prime Minister Howard’s comments in July 2006, that Australia has the 
potential to become an energy superpower). One can quickly see the need for 
engineering to solve part of this, e.g. in the development of low or “zero” emission 
coal-fired power stations – but there are also calls for an “empty and tectonically 
stable” Australia to become a storage facility for industrial waste, including nuclear 
waste.  
 
The moral dimension is obvious: do we, as Australians have the right to maintain one 
of the world’s highest living standards on the basis of energy exports, when we are 
                                                
2
 There is a parallel to this in the 21
st
 century, as developing economies are not factoring the current 
unsustainable population growth into the equation. This may lead to conflict when elements within 
developing economies/cultures perceive the developed nations as sufficiently weak (demographically) 
to consider the use of violence to enhance their share of the Earth’s resources. 
Industry 
products 
waste 
resources 
sorting 
By-products 
Industry & Waste Model 2: The true cost 
of resources will be factored into production. 
Sustainability will be the underlining 
imperative. There will be more emphasis on 
LCA, reuse and recycling. The oceans will 
be recognized both as finite resources, and as 
“at risk”. The ultimate destination of waste 
may be the sea, but there will be increasing 
awareness of the fragility of the atmosphere. 
The concept of resources will be changed to 
include them within the biosphere. 
Emission/pollution taxes will minimize 
and/or mitigate degradation of the biosphere. 
revenue biosphere 
E-tax 
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not prepared to accept responsibility for the by-products of energy generation. 
Engineers especially “environmentally educated engineers” will need to accept this 
challenge, and as Codner (2005) urges, turn to face the sun. 
 
The teaching-learning nexus 
There is increasing pressure upon universities to maximise the number of students in a 
lecture. This is an economic imperative. There are constraints, of course, both with 
the availability of large lecture theatres, and with the likelihood that senior (more 
specialised) courses will not attract the large numbers typical of first year courses. 
There are also enormous problems being encountered in establishing an effective 
learning environment for large groups. Younger students are quickly distracted when 
they see themselves as a number rather than a person. Solutions include having an 
entertaining head-lecture for all students, followed by a series of tutorials, at which 
point the staff student ratio is more conducive to one-on-one discussion. Whilst we 
must never expect that engineering lectures should be measured on the basis of 
entertainment value, there is no reason why these lectures should not inspire. Indeed, 
it can reinforce the strategic value of having leading industry consultants and senior 
academics presenting to first-year students.  
 
Group discussions, workshops and projects are sensible options, and there are well 
argued essays about the need to move to more project-based learning (e.g. De Silva, 
2004); however, project based learning does have limitations. The learning experience 
is likely to be variable (projects and groups will vary), and even with the best of 
intentions and plans, student group projects are commonly assessed more on an 
arithmetic basis than on equity. As discussed in earlier papers (e.g. Buckeridge, 2000) 
there is a future for on-line and virtual learning, but this must not come at the expense 
of developing engineers who are good communicators. The recent rejection of 
recycled water supply at Toowoomba City in Queensland, should remind us that 
acceptance of engineering solutions by society cannot be assumed to follow good 
engineering alone.  
Thus, in addition to a high level of technical competence, engineers must possess 
good political and communication skills. 
 
The increased mobility of graduates, coupled with globalisation of economic systems, 
has reinforced the need for universities to provide more than local examples of good 
practice. RMIT University, in association with Wismar University of Technology, 
Business and Design (Germany) and AUT (New Zealand), has for almost a decade 
been internationally benchmarking the undergraduate education of environmentally 
aware engineers (Buckeridge and Grünwald, 2003). The teaching and learning utilised 
in this block course, “Ethics & the Professional” include both project and group work 
supported by an ad hoc text (Buckeridge, 2002). A key aspect of the course has been 
significant emphasis on both ethics and biosciences, neither being subjects that 
engineers traditionally embrace with enthusiasm. In part this broader approach arises 
from the need for engineers to comprehend multidisciplinary approaches to solving 
problems, but it is also a reflection that actions of engineers extend beyond moments 
– to ultimately shape the very fabric of life and culture. The success of the 
benchmarking has recently led to expansion of the consortium, with universities in 
Norway and Brazil now involved. 
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Concluding remarks 
 
Where to from here? This paper has outlined some of the big issues, particularly in 
energy and pollution. We contend that rather than defeatism, Hawking’s comments 
provide us with even greater incentive to face the sun and embrace a prospect of a 
new culture whose potential (to solve global engineering problems) exceeds the 
contributions of the past (Thom, 1994).  
 
There is no choice for us to make: by embracing systems thinking, the 
environmentally aware engineer will be poised to frame the big problems such as 
carbon emissions. Solving problems of this nature will require technologies like the 
carbon storage and capture methods currently being developed in Germany and 
elsewhere (Schiermeier, 2006). Providing challenging learning environments to our 
undergraduates, by benchmarking and exposure to ideas and concepts beyond the 
local, will both enrich their studies and ensure that they are able to practice as truly 
global engineers. They can then, with justification, know that their contribution will 
have made a positive difference to the world of our descendants. 
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